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(54) INK JET PRINTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an ink jet printer comprising a linear Inkjet device in which incomplete ejection 
of ink due to burning phenomenon is eliminated. 

SOLUTION: A plurality of ink channels 35 are made in the body 32 of an ink jet device 30. Ink contains a heat 
absorbing material and each ink channel 35 is irradiated selectively with laser light L depending on an image to be 
printed. Ink irradiated with laser light L is heated by the heat absorbing material and Ink in the ink channel 35 
irradiated with light is ejected from a nozzle hole 38. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The ink jet airline printer characterized by having heated the ink in this each ink passage, and having the 
Mitsuteru gunner stage who makes the ink supplied to this each ink passage project from said nozzle hole by 
irradiating light alternatively in said each ink passage In the ink jet airline printer equipped with the Rhine-like ink jet 
device in which it makes it come to install two or more ink passage which has a nozzle hole side by side. 
[Claim 2] The ink jet airline printer according to claim 1 characterized by the ingredient which absorbs said light and 
is changed into heat coming to contain in said ink. 

[Claim 3] The ink jet airiine printer according to claim 2 characterized by coming to prepare the protection-from-light 
member which shades the light irradiated by said ink passage so that said light may be irradiated only in the 
predetermined location of each of said ink passage. 

[Claim 4] The ink jet airiine printer according to claim 1 characterized by coming to prepare the thennal-conversion 
member which absorbs said light into the part by which said light of each of said ink passage is in'adiated, and is 
changed into it at heal 

[Claim 5] The ink jet airiine printer according to claim 4 with which said thermal-conversion member is characterized 
by coming to be prepared only in the predetemiined location of each of said ink passage. 
[Claim 6] the pressurization which turns and canles out pressurization of the ink in said each ink passage to said ink 
hole - the ink jet airiine printer of five given in any 1 term from claim 1 characterized by having a means further. 
[Claim 7] Said Mitsuteru gunner stage is the ink jet airiine printer of six given in any 1 tenn from claim 1 characterized 
by coming to have the semiconductor laser light source which emits a laser beam, and the deflection means which 
deflects this laser light source in the direction which said each ink passage installs. 

[Claim 8] Said Mitsuteru gunner stage is an ink jet airiine printer according to claim 7 characterized by being a means 
to irradiate said laser beam in said each ink passage as the direction of a major axis of the cross-section 
configuration of said laser beam and the direction where said each ink passage extends are in agreement. 
[Claim 9] Said Mitsuteru gunner stage is the ink jet airiine printer of six given in any 1 term from claim 1 characterized 



by coming to have the light emitting device an'ay which installed two or more light emitting devices which irradiate a 
light beam at each of two or more of said ink passage in the direction in which said each inic passage is installed side 
by side. 

[Claim 10] The ink jet airline printer of nine given in any 1 term from claim 1 characterized by making controllable the 
amount of heating to the ink in said each ink passage for said every ink passage. 

[Claim 1 1] The ink jet airline printer of ten given in any 1 term from claim 1 characterized by coming to supply the ink 
of a color which is different in said Rhine-like ink jet device in each of two or more preparations and two or more of 
these Rhine-like ink jet devices. 

[Claim 12] The ink jet airline printer according to claim 1 1 characterized by making controllable the amount of heating 
to the ink of each of said Rhine-like ink jet device for said every ink jet device. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This Invention relates to the ink jet airline printer equipped with the Rhine-like ink jet device 

which covers full [ of a print sheet ] and has a nozzle hole in detail about an ink jet airline printer. 

[0002] 

[Description of the Prior Art] In the common ink jet airline printer, it has the ink jet device with which the nozzle hole of 
plurality (3-128 pieces) was fonmed in the conveyance direction (the direction of vertical scanning) of a print sheet 
and is printing by making the main scanning direction which intersects perpendicularly in the direction of vertical 
scanning scan an ink jet device. For this reason, in the conventional ink jet airline printer, the device for carrying out 
the both-way drive of the ink jet device was required. 

[0003] However, if the both-way migration device of an ink jet device is prepared in an airline printer, while the 
configuration of equipment will become complicated, there is a problem that the noise at the time of printing will also 
be loud, and the mechanical life of equipment will become short. Moreover, since it is necessary to perfonn a 
both-way scan, printing has taken long duration. Furthermore, since it is what connects the scan line which has the 
width of face according to the number of nozzles by repeating horizontal scanning of an ink jet device in the direction 
of vertical scanning, and prints to the whole print sheet surface, the knot of each scan line does not continue but the 
problem that the striped pattem which extends in a main scanning direction will appear is also in the image obtained 
by printing. 

[0004] For this reason, the ink jet airline printer equipped with the Rhine-like ink jet device with which the print sheet 
made the nozzle hole install in a main scanning direction side by side by width of face is proposed. Since the device 
in which both-way migration of the ink jet device is earned out by using the ink jet device of the shape of such Rhine 
becomes unnecessary, the noise in the conventional ink jet airline printer and the life of equipment are short, and can 
solve the problem that printing takes long duration. Moreover, since it is not necessary to perfomi horizontal scanning, 
it is lost that the knot of a scan line is conspicuous and, thereby, generating of the striped pattern to a printing image 
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can also be prevented. 

[0005] By the way, in an ink jet airline printer (the thing equipped with the Rhine-like ink jet device is also included) 
which was mentioned above, ink is projected from a nozzle hole as follows. Drawino 20 is drawing for explaining the 
protrusion of the ink in an ink jet airline printer, and is a sectional view in alignment with the major axis of ink passage. 
As shown in drawing 20 , ink 102 is supplied to the ink passage 101 from an ink supply means by which it does not 
illustrate, and ink is projected from a nozzle hole 103. Moreover, the heater 104 for heating ink 102 is formed in the 
ink passage 101. First, if the ink in the ink passage 101 is heated at a heater 104 as shown in drawing 20 (a), air 
bubbles 105 will be generated from a heater 104. If heating is furthermore continued, as shown in drawing 20 (b), air 
bubbles 105 will grow. 

[0006] If air bubbles 105 grow, as shown in drawing 20 (c), it will be pushed away by the ink of the part of air bubbles 
105 in an arrow head B and the direction of C, but in the ink passage 101, since pressurization is acting towards a 
nozzle hole 103, it is pushed away by ink 102 only in the direction of arrow-head B. Thereby, as shown in drawing 20 
(d) and (e), an ink droplet 106 projects. Air bubbles 105 begin contraction to a protrusion and coincidence. And the 
ink to have projected as shown in drawing 20 (f) is supplied by capillarity from an ink supply means, and protaision 
actuation is completed. 
[0007] 

[Probiem(s) to be Solved by the Invention] However, since it is necessary to heat ink using a heater in order to make 
ink project as mentioned above, the so-called scorch phenomenon in which an ink component adheres to the front 
face of a heater occurs. For this reason, when long duration printing is performed, ink passage is got blocked 
according to a scorch phenomenon, and there is a problem of causing the poor protmsion of ink. 
[0008] Since two or more ink passage exists in the case of the ink jet airiine printer especially equipped with the 
Rhine-like ink jet device, the probability which a scorch phenomenon generates is high, consequently the poor 
protrusion of ink occurs, and there is a problem of being cheap. Moreover, since it is difficult, constituting the heater 
of all ink passage so that it may have the uniform engine performance also has a possibility that a difference may 
arise in the protrusion engine performance of ink for every ink passage. Moreover, since wiring for supplying power 
to two or more heaters will become complicated, a manufacturing cost increases and there is a problem that 
equipment will become expensive as a result. Furthermore, since wiring of a heater is complicated, there is also a 
problem that the size of a Rhine-like ink jet device will be enlarged. 

[0009] It aims at offering the ink jet airiine printer which this invention is made in view of the above-mentioned 
situation, and does not have the poor protrusion of ink. 

[0010] Moreover, this invention aims also at offering the Inkjet airiine printer which can constitute equipment cheaply. 
[0011] Furthermore, this invention aims also at offering the Ink jet airiine printer which can miniaturize an ink jet 
device. 
[0012] 

[Means for Solving the Problem] The ink jet airiine printer by this invention is characterized by having heated the ink 
in this each ink passage, and having the Mitsutenj gunner stage who makes the ink supplied to this each ink 
passage project from said nozzle hole by in-adiating light alternatively in said each ink passage in the ink jet airiine 
printer equipped with the Rhine-like ink jet device in which it makes it come to install two or more ink passage which 
has a nozzle hole side by side. 
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[0013] In addition, in the Ink jet airline printer by this Invention, It is desirable that the ingredient which absorbs said 
light and is changed into heat comes to contain In said ink. 

[0014] In this case, it is desirable to come to prepare the protection-from-light member which shades the light 
Irradiated by said ink passage so that said light may be irradiated only in the predetermined location of each of said 
ink passage. 

[0015] Moreover, in the ink jet airline printer by this invention, it is desirable to come to prepare the 
thermal-conversion member which absorbs said light into the part by which said light of each of said ink passage is 
irradiated, and is changed into it at heat. 

[0016] In this case, it is desirable to come to prepare said thermal-conversion member only in the predetermined 
location of each of said ink passage. 

[0017] Here, it faces irradiating light in ink passage, and the amount of the ink which projects that an exposure 

location Is near the nozzle hole decreases, and if the distance from the exposure location of light to a nozzle hole is 

conversely long, since flow friction with ink and an ink passage wall will become large, the protrusion force of ink wilt 

decrease. Therefore, the thing of the location which can project according to the suitable protrusion force is said for a 

suitable quantity of Ink by a "predetermined location's" Irradiating light In the location, and heating Ink. 

[0018] moreover, the pressurization which turns and carries out pressurizatlon of the Ink in said each Ink passage to 

said ink hole in the ink jet airline printer by this Invention ~ it is desirable to have a means further. 

[0019] Furthermore, In the Ink jet airline printer by this Invention, said Mitsuteru gunner stage is good also as a thing 

which comes to have the semiconductor laser light source which emits a laser beam, and the deflection means which 

deflects this laser light source in the direction in which said each Ink passage is Installed side by side. 

[0020] In this case, as for said MItsutem gunner stage. It is desirable that it Is a means to irradiate said laser beam in 

said each ink passage so that the direction of a major axis of the cross-section configuration of said laser beam and 

the direction where said each ink passage extends may be in agreement. 

[0021] Moreover, in the ink jet airline printer by this invention, said Mitsuteru gunner stage is good also as a thing 
which comes to have the light emitting device array which installed two or more light emitting devices which irradiate 
a light beam at each of two or more of said ink passage in the direction In which said each ink passage Is installed 
side by side. 

[0022] By the way, it is difficult to form each Ink passage in the same dimension completely according to the 
processing error of each ink passage. For this reason, even if it irradiates the light of the same quantity of light in 
each Ink passage, the amount of the Ink projected becomes the same in no Ink passage. For example, if ink passage 
is thin, flow friction with ink and a passage wall will Increase, the protrusion force of Ink will decline, and, as a result, 
the amount of Ink protrusions will decrease. Therefore. It is desirable to make controllable the amount of heating to 
the Ink of each Ink passage for every Ink passage. 

[0023] In addition. It says controlling the heating value applied to each ink passage so that the amount of ink 
projected from each [ "which controls the amount of heating" ] ink passage may serve as abbreviation Identltas. 
[0024] Mere, in order to control the amount of heating for every Ink passage, the approach of changing the quantity of 
light of the light Irradiated by each ink passage Is employable. Moreover, when a thermal-conversion member is used, 
the approach of changing the light-receiving area of a thennal-conversion member for every Ink passage can be 
adopted. Furthermore, when a protection-from-llght member Is used, the approach of changing the face shield 
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product by the protection-from-light member for every ink passage can be adopted. 

[0025] Moreover, in the \vk jet airline printer by this invention, it is good also as what supplies the ink of a color which 
is different in said Rhine-like ink jet device in each of two or more preparations and two or more of these Rhine-like 

ink jet devices. 

[0026] On the other hand, in full color printing, in the conventional ink jet airline printer, it is printing by carrying out 
color mixture of each color of yellow, a Magenta, and cyanogen, but adjustment of the color-balance of the image 
printed is performed by changing the amount of protrusions of the ink of each color, and changing the gamma 
characteristics of each color. The resistance welding time to the heater formed In each ink passage was specifically 
controlled, and the amount of protrusions of ink is changed. Ink is heated and ink is made to project by irradiating 
light in each ink passage in this invention here. Therefore, it is desirable to control the amount of heating to the ink jet 
device corresponding to the ink of each color for every ink jet device, and to adjust a color-balance. 
[0027] 

[Effect of the Invention] Since the ink in each ink passage was heated by in'adiating light by the Mitsuteru gunner 
stage in each ink passage according to the ink jet airiine printer of this invention, generating of the scorch 
phenomenon by heating ink using a heater can be prevented. Therefore, the poor ink protrusion by the scorch 
phenomenon is lost, it can be stabilized and ink can be made to project. Moreover, since it is not necessary to fonn a 
heater like conventional ink jet equipment, wiring for supplying power to a heater becomes unnecessary, and the 
manufacturing cost of equipment can be reduced, and since wiring of a heater is still more unnecessary, thereby, 
equipment can be constituted in a compact. 

[0028] Moreover, ink can be made to project appropriately, thereby, it can be stabilized and ink can be made to 
project by irradiating light only in the predetemiined location of ink passage. 

[0029] Moreover, since ink can be heated from the interior by making ink contain the ingredient which absorbs light 
and is changed into heat, time amount until ink is projected can be shortened and, thereby, improvement in the 
speed of printing can be attained. 

[0030] furthermore, the pressurization which turns and carries out pressurization of the ink in ink passage to an ink 
hole - it can prevent that can prevent the back flow of ink and air enters into a nozzle hole by establishing a means. 
Therefore, it can be stabilized and ink can be made to breathe out. 

[0031] By the way, when the semiconductor laser light source is used as a Mitsuteru gunner stage, a laser beam 
carries out the abbreviation inverse proportion of breadth and its angle of divergence at the radius of a beam waist 
according to the propagation theory of a Gaussian beam. Here, although the magnitude of a beam waist is 
determined with the dimension of the active region of the semi-conductor which constitutes semiconductor laser, 
since the barrier layer of semiconductor laser is making the unsymmetrical configuration, it is known that the cross 
section of the laser beam emitted from the laser light source will serve as an ellipse configuration or elliptical. For this 
reason, in a laser beam printer, although the correcting lens was used in order to make the cross section of a laser 
beam into a perfect circle configuration, this correcting lens is very expensive. If according to this invention the laser 
beams in-adiated by each ink passage do not overiap even if it uses semiconductor laser as a Mitsuteru gunner stage, 
since it is not necessary to carry out the perfect circle of the cross section of a laser beam, it becomes unnecessary 
to use an expensive means like a correcting lens, and, thereby, equipment can be constituted cheaply. 
[0032] Under the present circumstances, by making the direction of a major axis of a laser beam in agreement with 
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the direction where ink passage extends, ink passage ****** can make spacing of a nozzle hole small, and can raise 

the resolution of the image obtained by the ink jet airline printer by this invention by this. 

[0033] Moreover, by irradiating light by the beam array in each ink passage, it becomes unnecessary to establish the 

means for deflecting a laser beam like [ at the time of using the semiconductor laser light source ], and since the 

optical path length is not required, either, equipment can be constituted in simple and a compact. Furthemnore, since 

the time amount which scans a light beam becomes unnecessary, it can print at a high speed. 

[0034] moreover -- even if it Is the case where it becomes that from which the amount of ink projected and carried out 

by the processing error of each ink passage from each ink passage by making controllable the amount of heating of 

each ink passage for every ink passage differs - the amount of ink protrusions - abbreviation - it can consider as 

the same thing. Therefore, it is stabilized and the protrusion of ink can be performed. 

[0035] Furthermore, it can color-print by having two or more Rhine-like ink head devices, and supplying the ink of a 
color which is different in each of each Rhine-like ink jet device. Under the present circumstances, by making 
controllable the anx)unt of heating to each ink jet device for every Ink jet device, the amount of ink protrusions in the 
ink jet device of each color can be controlled, and a color-balance can be adjusted. 
[0036] 

[Embodiment of the Invention] With reference to a drawing, the operation gestalt of this invention is explained below. 
[0037] Drawing 1 is drawing showing the configuration of the ink jet airiine printer by the 1st operation gestalt of this 
invention. As shown in drawing 1 , the ink jet airiine printer by the 1st operation gestalt of this invention The laser light 
source 1 which consists of semiconductor laser which carries out outgoing radiation of the laser beam L, and the 
collimator lens 2 for making laser beam L into parallel light, The polygon mirror 4 which a rotation drive is carried out 
in the direction of arrow-head A by the polygon motor 3, and carries out the reflective deviation of the laser beam L, 
The ftheta lens 6 for making the main scanning direction on the ink jet device 30 which nientions later laser beam L 
in which the reflective deviation was carried out by the polygon mirror 4 (arrow-head x direction in drawing 1 ) carry 
out image formation, The mirror 7 which reflects in an opposite direction a part of laser beam L in which the reflective 
deviation was carried out by the polygon mirror 4 with arrow-head x direction, The synchronous detection sensor 8 
which detects laser beam L reflected by the mirror 7, The ink tank 9 which supplies ink to the ink feed hopper 31 of 
the ink jet device 30, The feed roller 1 1 of the pair which conveys a print sheet 1 0 in the direction of vertical scanning 
(the direction of arrow-head y). It comes to have the feed motor 12 which drives the feed roller 11, the part into which 
the ink of the Ink jet device 30 projects and the platen roller 13 in the location which counters, and the guide idler 14 
to which it shows the print sheet 10 with which printing was made. 

[0038] Drawing 2 is the outline block diagram showing the configuration of the drive circuit which drives the ink jet 
airiine printer by the 1st operation gestalt of this invention. The interface circuitry 21 which this drive circuit drives an 
ink jet airiine printer with the directions from the external instmments 20, such as a personal computer, and is 
connected with an external instrument 20 as shown in drawing 2 . The polygon motor control circuit 22 for controlling 
rotation of the polygon motor 3, The laser drive circuit 23 for driving a laser light source 1, and the motorised circuit 
24 for driving the feed motor 12, The control circuit 25 which the detecting signal from the synchronous detection 
sensor 8 is inputted, and controls the polygon motor control circuit 22, the laser drive circuit 23, and the motorised 
circuit 24, It has the power circuit 26 which supplies power to an interface circuitry 21, the polygon motor control 
circuit 22, the laser drive circuit 23, the motorised circuit 24, and a control circuit 25. 
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[0039] Drawing 3 is the partial perspective view showing the configuration of the ink jet device 30. As shown in 
drawing 3 , the ink jet device 30 is equipped with a body 32, the nozzle hole plate 33, and a glass plate 34. Two or 
more ink passage 35, ink ****** 36 holding the ink supplied from the ink feed hopper 31. and two or more barrier 37 
not to supply the ink supplied from the ink feed hopper 31 to the direct ink passage 35 are formed in the body 32. 
The nozzle hole plate 33 is arranged in the side face which is open for free passage to the ink passage 35 of a body 
32, and two or more nozzle holes 38 are formed in the location corresponding to two or more ink passage 35. In 
addition, the glass plate 34 Is pasted up on the body 32, In order to separate each ink passage 35. 
[0040] Although the pitch of a nozzle hole 38 and the ink passage 35 can be set as arbitration, it is desirable to have 
the consistency of 200 - 400dpi, 

[0041] Here, since ink is supplied to ink ****** 36 from the ink tank 9, pressurization will act on the ink in the ink 
passage 35 towards a nozzle hole 38. 

[0042] Moreover, since the pressure of the ink supplied to ink ****** 36 is diffused by the banier 37, the pressure of 
ink acts on homogeneity in each ink passage 35. Therefore, homogeneity will be filled up with ink in each ink 
passage 35. 

[0043] Laser beam L repeats lighting and putting out lights alternatively into the part shown through a glass plate 34 
with the alternate long and short dash line in the ink passage 35, and is irradiated. Here, in this operation gestalt, 
what distributed heat-absorptive material, such as carbon, as ink is used. 

[0044] Here, it faces in-adiating laser beam L in the ink passage 35, and the amount of the ink which projects that an 
exposure location is near the nozzle hole 38 decreases, and if the distance from an exposure location to a nozzle 
hole 38 is conversely long, since flow friction with ink and an ink passage wall will become large, the protrusion force 
of ink will decrease. Therefore, laser beam L will be irradiated in a suitable quantity of ink by the location which can 
project according to the suitable protrusion force. 

[0045] In addition, as an ink jet device 30, it is not limited to what is shown in drawing 3 . Drawing 4 Is drawing 
showing other modes of an ink jet device, (a) Is a front view and (b) Is a top view. Ink jet device 30A shown in 
drawing 4 makes ink passage 35 the shape of a cross-section hemlcycle, and it forms directly the nozzle hole 38 
which Is open for free passage on a body 32 In the ink passage 35, without using the nozzle hole plate 33. Moreover, 
the configuration of the barrier 37 is made Into the shape of an elliptic cylinder. In addition, the alternate long and 
short dash line shown in drawing 4 (b) is a horizontal-scanning line of laser beam L. Thus, by forming the direct 
nozzle hole 38 in a body 32, it becomes unnecessary to perform alignment of the ink passage 35 and a nozzle hole 
38, and, thereby, the ink jet device 30 can be processed easily. 

[0046] Drawing 5 Is drawing showing the mode of further others of an ink jet device, (a) is an expansion front view 
and (b) is a top view. Ink jet device 30B shown in drawing 5 supplies ink to ink *•-** 36 from two ink feed hoppers 
31a and 31b, and forms two or more small bamer 37. In addition, the altemate long and short dash line shown in 
drawing 5 (b) is a horizontal-scanning line of laser beam L. 

[0047] Drawing 6 is drawing showing the mode of further others of an ink jet device, (a) is a perspective view and (b) 
is the l-l line sectional view of (a). The ink jet device 50 shown in drawing 6 makes ink project to the travelling 
direction of laser beam L, and is equipped with a body 52 and a glass plate 54. Two or more ink passage 55, ink 
****** 56 holding the ink supplied from the ink feed hopper 51, and a nozzle hole 58 are fomned in a body 52, and the 
chamber 60 is further formed in the location corresponding to a nozzle hole 58. And air bubbles B3 are generated in 
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a chamber 60, and it is made to make inl< project from a nozzle hole 58 by irradiating laser beam L at a chamber 60. 
[0048] In the ink jet device 50 shown in drawing 6 , since ink passage 55 can be shortened comparatively, generating 
of ink plugging in ink passage can be prevented. Moreover, by forming the direct nozzle hole 58 in a body 52. it 
becomes unnecessary to perform alignment of the ink passage 55 and a nozzle hole 58. and, thereby, the ink jet 
device 50 can be processed easily. 

[0049] Here, protrusion actuation of the ink from the ink jet device 30 by this operation gestalt is explained. Drawing 7 
is drawing for explaining protrusion actuation of ink. First, if laser beam L is irradiated by the ink passage 35 through 
a glass plate 34 as shown in drawing 7 (a), laser beam L will be changed into heat by the heat-absorptive material 
currently distributed by ink, and two or more nucleus air bubbles B1 will generate it. If heating is furthermore 
continued, as shown in drawing 7 (b), the nucleus air bubbles B1 will gather and it will become film air-bubbles B-2. 
And if film air-bubbles B-2 grows, as shown in drawing 7 (c), it will be pushed away by the ink of the part of film 
air-bubbles B-2 in an an-ow head B and the direction of C. Here, since ink is supplied to the ink jet device 30 from the 
ink tank 9, pressurization will act on the ink in the ink passage 35 towards the ink hole 38. Therefore, it is pushed 
away only in the direction of anfow-head B by the Ink in the ink passage 35. In addition, just before projecting, this 
time, i.e., ink, the exposure to the ink passage 35 of laser beam L is ended. 

[0050] Thereby, as shown in drawing 7 (d) and (e). an ink droplet 39 projects from a nozzle hole 38. Film air-bubbles 
B-2 begins contraction to a protrusion and coincidence. And the ink to have projected is supplied to the ink passage 
35 by capillarity, and protrusion actuation is completed. 

[0051] In addition, in this operation gestalt, it is desirable to make in agreement the oscillation wavelength of laser 
beam L and the peak wavelength of the wavelength heat-absorptive property of the heat-absorptive material 
contained in ink. That is, since the wavelength heat-absorptive property of heat-absorptive material becomes the 
highest in a certain specific wavelength as shown in the graph G1 of drawing 8 . it can heat ink efficiently by choosing 
a laser light source so that it may be in agreement with the peak wavelength of a graph G1, as the property of the 
oscillafion wavelength of laser beam L shows the graph G2 of draviflng 8 . in addition ~ or the laser light source is 
chosen previously and the heat-absorptive material which has the wavelength heat-absorptive property whose 
property and peak wavelength of oscillation wavelength of a laser beam correspond may be chosen. 
[0052] Subsequently, actuation of this operation gestalt is explained. 

[0053] First, the image data SO which should be printed from an extemal instrument 20 Is inputted into a control 
circuit 25 through an interface circuitry 21. An image processing is performed in a control circuit 25, the laser drive 
circuit 23 is controlled based on the image data after an image processing, and, as for image data SO, control of 
lighting of a laser light source 1 and putting out lights is performed. On the other hand, the polygon motor control 
circuit 22 and the motorised circuit 24 are controlled by the directions from a control circuit 25, and the polygon motor 
3 and the feed motor 12 drive. The feed roller 11 drives and vertical scanning of the print sheet 10 is canied out in 
the direction of arrow-head y by the drive of this feed motor 1 2. 

[0054] By the polygon mirror 4 by which Is made parallel tight by the collimator tens 2 and a rotation drive is carried 
out in the direction of arrow-head A by the polygon motor 3, a reflective deviation is carried out, and laser beam L by 
which outgoing radiation was canried out from the laser light source 1 penetrates the ftheta lens 6 further, and carries 
out horizontal scanning of the ink jet device 30. In addition, it is reflected by the min-or 7 and a part of laser beam L is 
detected in the synchronous detection sensor 8. A synchronizing signal is outputted from the synchronous detection 
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sensor 8, and this synchronizing signal is inputted into a control circuit 25, and is used as a synchronizing signal with 
which a horizontal-scanning start point is expressed here. 

[0055] As a laser light source 1 is shown in drawing 7 from the ink passage 35 where the lighting and putting out 
lights are controlled according to the location of the ink passage 35 where laser beam L is irradiated, and laser beam 
L was irradiated, an ink droplet 39 projects, and thereby, printing is performed to a print sheet 10. 
[0056] Thus, In this operation gestalt, since the ink in the ink passage 35 was heated by laser beam L, the scorch 
phenomenon produced by heating ink using a heater like the conventional ink jet airline printer can be prevented. 
Therefore, according to this operation gestalt, the poor ink protnjsion by the scorch phenomenon is lost, it can be 
stabilized and ink can be made to project. Moreover, since it is not necessary to form a heater like conventional ink 
jet equipment, wiring for supplying power to a heater becomes unnecessary, and the manufacturing cost of 
equipment can be reduced, and since wiring of a heater is still more unnecessary, thereby, equipment can be 
constituted in a compact. 

[0057] Moreover, ink can be made to project appropriately by irradiating laser beam L in the predetermined location 

(location of the alternate long and short dash line shown in drawing 3 ) of the ink passage 35. 

[0058] Furthemnore, the ink in the ink passage 35 can prevent that can prevent the back flow of ink and air enters into 

a nozzle hole 38 since pressurization is acting towards the ink hole 38 by the ink tank 9. 

[0059] Moreover, since heat-absorptive material contains in ink, ink can be heated from the interior, thereby, the 

protmsion rate of ink can be raised and improvement in the speed of printing can be attained. 

[0060] Here, the laser beam emitted from single mode laser like semiconductor laser carries out the abbreviation 

inverse proportion of breadth and its angle of divergence at the radius of a beam waist according to the propagation 

theory of a Gaussian beam as generally known. Here, although the magnitude of a beam waist is detemnined with 

the dimension of the active region of the semi-conductor which constitutes semiconductor laser, since the barrier 

layer of semiconductor laser is making the unsymmetrical configuration, the cross section of laser beam L emitted 

from the laser light source 1 serves as elliptical or an ellipse configuration (it considers as an ellipse configuration 

below), as shown in drawing 9 (a) and (b). For this reason, in the above-mentioned operation gestalt, although a 

collimator lens 2 Is used and the cross section of laser beam L is made to become an abbreviation perfect circle, the 

collimator lens 2 is very expensive. 

[0061] Therefore, the cross section emitted from the laser light source 1 may be made to irradiate laser beam L at the 
ink jet device 30, using laser beam L of elliptical or an ellipse configuration as it is, without using a collimator lens 2. 
[0062] In this case, if laser beam L in^adiated by each ink passage 35 does not overiap, it is good, but as shown in 
the alternate long and short dash line of drawing 10 , it is desirable to make in agreement the direction of a major 
axis of the cross section of laser beam L and the direction where the ink passage 35 extends. In addition, in drawing 
10 , the configuration of the barrier 37 is made cylindrical. 

[0063] Thus, by making the direction of a major axis of the cross section of laser beam L in agreement with the 
direction where the ink passage 35 extends, spacing of the ink passage 35, as a result a nozzle hole 38 can be made 
small, and, thereby, the resolution of the image obtained can be raised. 

[0064] In addition, although the exposure location of laser beam L in the ink passage 35 needs to make ink 
appropriately the location which can project, as shown in drawing 10 , when a cross section in^diates laser beam L 
of elliptical or an ellipse configuration in the ink passage 35, it has a possibility that it may become impossible to 



10 



make ink project appropriately, from the exposure range of laser beam L covering the large area of the ink passage 
35. For this reason, as shown in drawing 1 1 , it is desirable to arrange the heat insulation mask plate 41 in a glass 
plate 34 so that laser beam L may be irradiated by only the request location of the ink passage 35. In addition, the 
heat insulation mask plate 41 as well as the ink jet device 30 shown in drawing 3 may be formed. 
[0065] Moreover, in the above-mentioned operation gestalt, although ink is made to contain heat-absorptive material 
and is made to generate heat for ink itself by the exposure of laser beam L, the ink which does not contain 
heat-absorptive material can also be used. In this case, what is necessary is just to form the thermal-conversion 
member 42 which absorbs light in the location corresponding to the ink passage 35 of a glass plate 34. and is 
changed into heat, as shown in drawing 12 . 

[0066] Here, the thermal-conversion member 42 consists of resin and glass containing carbon. The glass containing 
carbon can be formed by calcinating the thing which made the glass paste which made water distribute glass powder 
distribute a cari^on particle. Moreover, the thermal-conversion member 42 may be formed by applying the carbon 
system coating which contained the carbon particle in the thin metal plate. 

[0067] Thus, since the ink in the ink passage 35 is heated by the exposure to the thennal-converslon member 42 of 
laser beam L also by using the ink which does not contain heat-absorptive material and forming the 
thermal-conversion member 42 in the ink jet device 30. as shown in above-mentioned drawing 7 , air bubbles can be 
generated, and ink can be made to project from a nozzle hole 38. 

[0068] In addition, when irradiating laser beam L in the ink passage 35, without using a collimator lens 2, as shown in 
drawing 13 , it is desirable to form the thermal-conversion member 42 appropriately on the ink passage 35 in the 
predetermined location which can project ink. 

[0069] By the way, it is very difficult to form each ink passage in the same dimension completely according to the 
error of the process tolerance of each ink passage. For this reason, even if it irradiates the light of the same quantity 
of light, the amount of the ink projected becomes the same in no ink passage. For example, if ink passage is thin, 
flow friction with ink and a passage wall will increase, the protmsion force of ink will decline, and, as a result, the 
amount of ink protmsions will decrease. Therefore, it is desirable to make controllable the quantity of light of heating 
of the light irradiated by each ink passage, i.e., the amount to ink, for every ink passage. 
[0070] In specifically using the ink which made heat-absorptive material contain, as shown in drawing 14 , it changes 
the exposure area of laser beam L every ink passage 35 with the heat insulation mask plate 41 that the quantity of 
light of laser beam L irradiated by each ink passage 35 should be changed according to the processing error of the 
ink passage 35. It can consider as the thing of abbreviation regularity of the amount of ink projected from each ink 
passage 35 from the amount of heating to ink becoming large by [ thin ] enlarging exposure area of laser beam L 
about 35 ink passage, so that the exposure area of laser beam L in each ink passage 35 is large here. 
[0071] In addition, that the heating value applied to the ink of each ink passage 35 should be changed according to 
the processing en^or of the ink passage 35, in using the ink which does not contain heat-absorptive material, as 
shown in drawing 15 , it changes the area of the thermal-conversion member 42 every ink passage 35. Thereby, it 
can consider as the thing of abbreviation regularity of the amount of ink projected from each ink passage 35 from the 
amount of heating to ink becoming large by [ thin ] enlarging area of the thermal-conversion member 42 about 35 ink 
passage, so that the area of the thermal-conversion member 42 in each ink passage 35 is large. 
[0072] In addition, the quantity of light of laser beam L irradiated by each ink passage 35 can be changed also by 
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changing the quantity of light of laser beam L for every ink passage. 

[0073] Moreover, in each ink jet device mentioned above, although laser beam L emitted from a laser light source 1 
is inradiated in the ink passage 35, as shown in drawino 16 , it may replace with a laser light source 1, and light may 
be irradiated in each ink passage 35 using the light emitting device array 47 which arranged the light emitting device 
46 con'Bsponding to each ink passage 35 in the shape of Rhine. Thus, it is not necessary to prepare the polygon 
mirror 4 grade for deflecting laser beam L and, and by using the light emitting device array 47, since the optical path 
length is not required, either, equipment can be constituted in simple and a compact. Furthermore, since it is not 
necessary to scan laser beam L as compared with the case where laser beam L is used, it can print at a high speed. 
[0074] Subsequently, the 2nd operation gestalt of this invention is explained. In the operation gestalt of the above 1st, 
although the ink jet airline printer which prints in one color only using one ink jet device 30 was explained, the ink jet 
airline printer by the 2nd operation gestalt color-prints using two or more ink jet devices. Drawing 17 is drawing 
showing the important section configuration of the ink jet airline printer by the 2nd operation gestalt of this invention. 
As shown in drawing 17 , the ink jet airline printer by the 2nd operation gestalt of this invention comes to have a laser 
light source 1, the polygon mirror 44 by which a rotation drive is carried out in the direction of arrow-head E by the 
non-illustrated polygon motor, and the ink jet devices 61, 62, and 63 which make cyanogen, a Magenta, and the ink 
corresponding to each color of yellow project. In addition, about the configuration of the ink jet devices 61 , 62, and 63, 
anything of drawing 6 and drawino 10 to drawing 15 is employable from above-mentioned drawing 3 . 
[0075] The polygon minror 44 has six reflectors which arranged continuously the fields 44a, 44b, and 44c which are 
three from which whenever [ to that revolving shaft D / tilt-angle ] differs in this sequence. The include angle in which 
laser beam L by which theta 1 was irradiated by field 44a whenever [ tilt-angle / of field 44a ] is reflected towards the 
ink jet device 61 here, theta 3 is an include angle in which laser beam L in^adiated by field 44c is reflected towards 
the ink jet device 63 whenever [ tilt-angle / of include-angle (here 0 times) and field 44c in which laser beam L by 
which theta 2 was irradiated by field 44b whenever / tilt-angle / of field 44b / is reflected towards the ink jet device 
62]. 

[0076] Subsequently, actuation of the 2nd operation gestalt is explained. Drawing 18 is the explanatory view of the 
2nd operation gestalt of operation. Laser beam L by which outgoing radiation was carried out from the laser light 
source 1 is irradiated in the direction of arrow-head E by the polygon mirror 44 which carries out a rotation drive. 
Laser beam L irradiated by field 44a of the polygon mirror 44 is reflected by whenever [ angle-of-reflection / of an 
include angle theta 1 ] to laser beam L, as shown in drawing 18 (a). And this reflected light LI scans the ink jet 
device 61 corresponding to cyanogen, and, thereby, printing in the ink of cyanogen is performed to a print sheet. 
[0077] If the polygon mirror 44 rotates further, laser beam L will be irradiated by field 44b of the polygon mirror 44. 
Laser beam L irradiated by field 44b is reflected to laser beam L by whenever [ angle-of-reflection / of an Include 
angle theta 2 (= 0 times) ], as shown in drawing 18 (b). And this reflected light L2 scans the ink jet device 62 
corresponding to a Magenta, and, thereby, printing in the ink of a Magenta is performed to a print sheet. 
[0078] If the polygon mirror 44 rotates further, as for laser beam L, the field 44c exposure of the polygon mirror 44 will 
be done. Laser beam L in-adiated by field 44c is reflected by whenever [ angle-of-reflection / of an include angle theta 
3 ] to laser beam L, as shown in drawing 18 (c). And this reflected light L3 scans the ink jet device 63 corresponding 
to yellow, and. thereby, printing in the ink of yellow is perfonmed to a print sheet. 

[0079] Hereafter, according to rotation of the polygon mirror 44, the reflected lights L1-L3 are scanned by turns to the 
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ink jet devices 61 , 62, and 63. and color printing is performed. 

[0080] Here, in the 2nd operation gestalt, vertical scanning of a print sheet is controlled to be located on the scan line 
where the ink of each color projected from the ink jet devices 61 , 62, and 63 is the same. 
[0081] In addition, in the operation gestalt of the above 2nd, although the ink jet airline printer which prints three 
colors of cyanogen, a Magenta, and yellow was explained, black can be added to these three colors and four colors 
can also be printed. 

[0082] Moreover, in the operation gestalt of the above 2nd, although printed by carrying out color mixture of each 
color of yellow, a Magenta, and cyanogen. In order to adjust the color-balance of the image printed, It is desirable to 
control the quantity of light of the light irradiated by the ink jet devices 61 , 62, and 63 con-esponding to the ink of each 
color for every ink jet device, and to change the amount of protrusions of the ink of the Ink jet devices 61 , 62, and 63. 
In using the ink which made heat-absorptive material contain as a mode of this control, it changes the exposure area 
of laser beam L for every [ the ink jet devices 61 and 62 and ] 63 with the heat insulation mask plate 41 as shown in 
drawing 14 . Moreover, in using the ink which does not contain heat-absorptive material, it changes the area of the 
thermal-conversion member 42 as shown in drawing 15 for every [ the ink jet devices 61 and 62 and ] 63. 
Furthermore, the quantity of light of laser beam L may be changed for every [ the ink jet devices 61 and 62 and ] 63. 
[0083] Furthermore, in the operation gestalt of the above 2nd, although laser beam L is in-adiated at the ink jet 
devices 61, 62, and 63 using a laser light source 1, light may be in-adiated at each ink jet devices 61, 62. and 63 by 
forming the light emitting device array 47 shown in each ink jet devices 61, 62, and 63 at drawing 16 . 
[0084] Subsequently, the 3rd operation gestalt of this invention is explained. Drawing 19 is the schematic diagram 
showing the configuration of the ink jet airiine printer by the 3rd operation gestalt of this invention. In addition, in 
drawing 19 . the reference number same about the same configuration as the ink jet airiine printer by the 1st 
operation gestalt shown in drawing 1 is attached, and detailed explanation is omitted. As shown in drawing 19 , the 
ink jet airiine printer by the 3rd operation gestalt is equipped with the ink jet device 70 which curved so that it might 
become the same on a scan line, and the distance of the reflective location of laser beam L in the polygon motor 4 
and the reflected scan location of laser beam L also incurvates a print sheet, and is made to carry out vertical 
scanning of it in the direction of arrow-head y so that the cun/ature of the ink jet device 70 may be suited. 
[0085] Here, the ink jet device 70 makes ink project to the travelling direction of laser beam L, and the same thing as 
the Ink jet device of the type shown in above-mentioned drawing 6 is used. In addition, as this ink jet device 70, a 
thermal-conversion member may be prepared in the scan location of laser beam L using the thing which made ink 
contain heat-absorptive material, and the ink which heat-absorptive material does not contain. 
[0086] Thus, in the 3rd operation gestalt, since it is what prints by ihcurvating a print sheet while incurvating the ink 
jet device 70, like the operation gestalt of the above 1st, it becomes unnecessary to prepare expensive ftheta lens, 
and, thereby, the manufacturing cost of equipment can be reduced. Moreover, since a distortion peculiar to ftheta 
lens is also lost, linearity of an image can also be made good. 
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[Brief Description of the Drawings] 

[Drawing 11 Drawing showing the configuration of the ink jet airline printer by the 1st operation gestalt of this 
invention 

[Drawing 21 The outline block diagram showing the configuration of the drive circuit which drives the ink jet airiine 
printer by the 1st operation gestalt of this invention 

[Drawing 3] The partial perspective view showing the configuration of an Inkjet device 
[Drawing 41 Drawing showing other modes of an ink jet device 
[Drawing 51 Drawing showing other modes of an ink jet device 
[Drawing 61 Drawing showing other modes of an ink jet device 
[Drawing 71 Drawing for explaining protrusion actuation of ink 

[Drawing 81 The graph which shows the wavelength heat-absorptive property of heat-absorptive material, and the 
oscillation wavelength of a laser beam 

[Drawing 91 Drawing showing the cross-section configuration of a laser beam 

[Drawing 101 The partial perspective view showing the condition of scanning the laser beam which has the cross 
section of an ellipse configuration to an ink jet device 

[Drawing 111 The partial perspective view showing the configuration of the ink jet device equipped with the heat 
insulation mask plate 

[Drawing 121 The partial perspective view showing the configuration of the ink jet device equipped with the 
thermal-conversion member 

[Drawing 131 The partial perspective view showing the configuration of the ink jet device equipped with the 
thennal-conversion member 

[Drawing 141 The partial perspective view showing the configuration of the ink jet device which changed the exposure 
area of the laser beam to each ink passage 

[Drawing 151 The partial perspective view showing the configuration of the ink jet device into which the area of a 
thermal-conversion member was changed for every ink passage 

[Drawing 161 The partial perspective view showing the configuration of the ink jet device it was made to irradiate light 
by the light emitting device array in ink passage 

[Drawing 171 Drawing showing the important section configuration of the ink jet airiine printer by the 2nd operation 
gestalt of this invention 

[Drawing 181 Drawing for explaining actuation of the 2nd operation gestalt 

[Drawing 191 Drawing showing the configuration of the ink jet airiine printer by the 3rd operation gestalt of this 
invention 

[Drawing 201 Drawing for explaining protrusion actuation of the ink in the conventional Inkjet device 
[Description of Notations] 

1 Laser Light Source 

2 Collimator Lens 

3 Polygon Motor 

4 44 Polygon mirror 
6 FTheta Lens 
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7 Mirror 

8 Synchronous Detection Sensor 

9 Ink Tank 

10 Print Sheet 

11 Feed Roller 

12 Feed Motor 

13 Platen Roller 

14 Guide Idler 

30. 30a, 30b, 50. 61 , 62. 63. 70 Ink jet device 

31 51 Ink feed hopper 

32 52 Body 

33 Nozzle Hole Plate 

34 Glass Plate 

35 55 Ink passage 

36 56 Ink****** 

37 Barrier 

38 58 Nozzle hole 

41 Heat Insulation.Mask Plate 

42 Thermal'Conversion Member 

46 Light Emitting Device 

47 Light Emitting Device Array 
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[0 0 3 7] mui^^m<Dm\(onmmmic^^-c> 

Up^-^l^yXzi:. 4^'Jrfy^r-^3ti:j;t3^EnA;^ 
7>3 o<Di'y^'mp3 1 \z^y^^m^t^^y^9 

y^^t. EPSWl O^&itefi^lR) (^0]y73[6]) \L 

mm-^-n(o^mu-y 1 1 i:, ^^u-y 1 1 >gr® 

■fi-r^^S/^^—^f 1 2 i:. I'y^v'x-y h-r/^^X3 0 

n-7 1 3i;. mmrs.tnrzmmm.\ o^^^-rs 

^^f-r Ka— 5 1 4 ii^MxT^So 
[0 0 3 8] 0214*^^©^ 1 ©^iiJgftHcJ:5'ry 

i>x -y hEnBiJSil^!igi;-r^Sgi!)|51S§cDt/«lS^^1-|l 
BST'P-y^'HT'feSo |212{c^-rj;9tc. COSKiKelSS 

^-^ 3(Di5its^^ij^-ri)fc«)OJt?u d'y^-^fSijiaiip] 

SS2 2 i:. -^f'^ili 1 ^IKi)-r?)fcJ60U— *flKi!i|Hi 
SS2 3 i:, m^:-^ 1 2^igi?-r5fc46£D^~^figl(l 

IISS 2 4 i: . IDM^^^tti-tr y +f 8 tDl^mffl^A^A:': ^ 
--K'Jdi'y^— ^f|iiJfflI[H]SS2 2. U— 'f|gffi)[H]SS2 3 
t5j;t;^-^|g»)[51SS2 4*Miait5»(HlSS2 5 

i'y^-7x-xiHisS2 K jKUrfy^-^^JDmssz 

2. \y-^%mm^23. =i-'^%mm^z A^i:m\ 

[0 0 3 9] E13{il'y^'v'"x'y hr/WX 3 0(D#|fi!c 
x-y hfVWX3 0{i. *f*3 2i:. /X;l/7L*g3 3 

y^j5St8S3 5i:. 'ry^'«iii&P3 1 *^5#tif&$n5i'y 
^^umt^^yrm^*)3Qk.. '<y^m^n^\tf> 



l/^ck3tCti)/-c460?|iti?D/^U73 7 ilA^ffM^nXI/^ 
§0 / Xyb?L® 3 3 (i^i* 3 2 <D-r y ^'i5ftSS 3 5 {CMil 

-r5ffiiMfi:Bas?n5t,cDT'fe»3. mL(D^y^'m,2 
§0 *fe> ;9vx«3 4{i§'ry^'}«tsS3 5^^^-r§ 

/c46lC*i*:3 2fi:ga^nTV^€.o 
[0 0 4 0] /X;l/7L3 8*5<taVyi'iJSi^3 5<Dtf>y 
^tiffiMfCiSJS-rSCilJb^TtS*^ 2 00-4 00 d 

P i co^a*^-r§toi:-r5i:i:AW^tv\ 
[0 0 4 1 ] ccT. -ry^rSSD 3 6ic(4-ry^7^y 
^'9d;0f y^'!f)W:^nTi/^i,ctA>e., -ryi^jj^SS 
3 5p^(0^y^\at/X)V^3 8{C[6]ttT^E*M^fflU 

[0 0 4 2] sfc. -ry^rfst •? 3 6ic#t|g^tifc-ry 
^(DE;^(±, /^'J73 7t<:J;f3}£il^n§/i46s I'y^ 

T, -ry^>tt#-ry^j!ifSS3 5fci^-t5«a$n«<iii 

[0 0 4 3] V-^ftL\,t. :ti'yxm3 A^iTLX^y 

[0 0 4 4] C<1X\ -fy'^m.^3 SiCU-'^fytL^m 
Mt?>imLXli. MI>tffiH*VX;l/7L3 8co3fif«T'fe 

§ t^mt^-fy-xomm^^ji < »p . m^cmMimf)' 

e.yX;l/?L3 8$T'coSEgiA<Si.>t. I'yi't'i'y^rJit 
j!)W>bTLS3o Ltcti^-ox. mwjiMoy-cyi/^m 

[0 0 4 5] ^43. 'I'yi'-y'x-y hx/^'fX3 0i:LT 
tt. 03{C^-rtOtCffiS$n5t©-ett*l/>o 04{i 

-fy^i^x-y h-r/^'i'X£Dffi(Dffi^t^^-rillT'fet). 

(a) tiiEffiia. (b) liw-mmx'hZo m4ic^st^ 

y^i^x-yhf/UX3 0Ait. 'ry^)^iSS3 5;&irffi 

3zic^y^m^3 5(cjiai-5/x;i/?L3 s^mmm 

i:L/-ct£DT'fe?.c, 04 (b) (C/T>-r-^SIi^*^ 

itSyX;l/7L3 8^J^^-r5i:i:tcJ:t). Yy^i?iiSS3 

St/ X;l/7L 3 8 i: ofufi^ tut^tT 3 < * 

0. cnii:j;0'l'y'J''y"x-y hf-VWX3 ototox^g: 

[0 0 4 6] HSfify^^s/x^y l--fA-r;;^©$ Steffi 

offilt^^/T^-rHT'SO, (a) (4i!2;:^lErffi0. (b) fi 
TOBIT^^o BI 5 tC/TN-r-ry^'-y'x-y hx/WX3 0 
B(±> 2O(0'l'y^{}i|&P3 1 a, 3 1 b*^5)'l'y^?a 
$")3 6ti:-t'y^^^:m*&t5J;^{cL, /h§y<D/^U73 



(6) 



l^mZOO 1 -3 5 3 8 7 5 



7 mMnmi'frc^(D-e&^o ^^s, h5 (b) ic^t- 

[0 0 4 7] Seti'fyi'v^x'y hr/WXO^etCfte 

(Drnm^^stm-^^*). (a) amm. (b) a 

(a) © I - US8(TffillT$>?)o Bietc^t^y^v^'x 

?^ai^^^§tcDT-^t)H *l*5 2il. ;^"7XlS5 4i:^ 
MASo *<*5 2fC«. ?il!(CDl'>^iJi!K5 5i;, I'V 

;l/?L 5 8 ^^)^fJt^■r i>{4H{i:^x ^'A- 6 0 A^ffMSnx 
l>So -eLT^ 9^x>'/'?-6 0tC^-if)tL^Rg*t-r§ 

?-t^T, /X;l'7L5 8cfcD-i'^^i'^?^tB$-^§<i;7tcL 

[0 0 4 8] |g6{C^-ri'>'^'v'x'y h-r/WX5 OtC 

fc'i^Tti. t'y^'jJSSSS 5^ttlSW^< t-?>ci:A"iT-t 

t^ctts^x-'^^o ^Tc. *i*5 2ti:jagyX;WL5 8 
«:}^^-r5i:i:fcJ;t), t'y^'jJiiSSS 5 i:/X;l/7L5 8 

^v'x-y hx/'^l'XS oco*ni*^^(cff9Cii:*^-z?t 

[0 0 4 9] !l!ir\ ^mmnmicj;::S>-fy'tfi/jiyh 
t'/WXS 0A^P.O-l'y^'<D^lfil!l#(C-DVTlfiia-r 

5, ia7(i'i'y^iD^tBijf'p^iJ{a^t5fc46(DiaT'fe 

«!$n. mm(Dit^umB Mom^t^o -^^icimmmi 

if^mi (b) tC/T^tJcdtc^mrSB i^^ifef oT)i 
%.mBZtrji?>, ^LT, MMi'dlB ZAMtSi:, HI 
7 (c) tC^-rct9{CJl^?SB2©^J<Dt'y^'A<^gi 

B. C7?[o]tff L3lt^P)n5c, <lil-C\ -ry^v'x-yl- 

r>wx 3 0 {c{±-r ^ y^' 9 >^m*&$n 
Tv>5/ci6. -ry^j^ti^s 5rt<D'r>^'tcti-i'y^7L3 

8{C(6]{JT4E*^f^ffl?nTV^5c:ili:*5o bfcA^o 

So 

[0 0 5 0] CintCJ:^. 07 (d) fcit; (e) 

[00 5 1] -^^mmmmicisi^Tii. u—^^ti 



1 tc?N-r<t3lcfei,!|t^(7Dr^S{c$5i/>Ta^>i^<^5c 

U-1f~)tLCDfgfiSS(D!|tttA^|l!8«<5'"77G 

2{c,TN-r<fc9{c^^7G i©if-^^jSiSi:-sicr§cfca 

[0 0 5 2] *^«EJg^©«lfttCOI,^TifiW-r 

[0 0 5 3] 5i-gi5«ig§2 oA^p.EPfisij-r'KtiHif^- 

S 0*Wy^-7x-XlHl8S2 1 *^bT«iJi]|HlSS 

2 5 fcx;'3$n5o mBf-^ s 0 tifriir#iHiss2 5 tc4o 

2 5*^c,Ofg^tcj;D4^Uri>^-^f|iiJSi[eISg2 2fcJ: 

t>'^~^igi)iHisS2 4*^sijffli^nT. >-}?u=ry^-^3 
1 ztmm^n^o ccd^^-^ i 

2©|g»){cj;t). ma-7l l*»^nT. giBM 
mi O*^^0]y7a(n]{i:iiJji*$nS„ 
[0 0 5 4] U-+f')^i!il*^?)mj^$nfcU-+f'^tL{± 
r3Uy-^UyX2{cj;0 ¥ff $ n. U d'y 
^ 3 fc J; f) ^ep A 73 fp]Jcil]K|gi)$ n?. 'J d'^ 5 7- 

4Jcj:^TSii«Hiio]?n, SBtcf eu'^/xe^^iib 

Ti'y^v'x'y hr/WX3 O^i^a-t^o ^4b\ 
— tf' 7^ L iD-gWi ~ 5- 7 J; sit? nr [Bl^l^a-fe 

>'-9-8(ct5i/^T^»]?n?.o i«iw^^a-by-9-8A^?)«iBi 

[00 5 5] ]y-^^m 1 ii L AITO ? n§ 

>i^«tSS3 5(Ofi[ffltC|Si;T^<Dj^*T*5j;mTO^» 

J: 0 EPBijfflifi 1 0 KMLrmm7t>n^. 

[0 0 5 6] CiDi^fC. *^jSfSmfC*5V^Ttt. 
if )ie L J; 0 >' ^> gitSS 3 5 c7)-r V ^iPl^-r 5 ct 3 
(c bfcfci6. y v'x -y hEPM^BcD j; 3 tc. 

- ^ I. >T > ^ ^ia^-r § c i: tc ct t) 4 1; i) n y 

x>y hSl£Dj;9tct-^^^it5'iJ-SA^^i^/c46. t 
[0 0 5 7] Sfc> f'>^}?itSS3 5tDp;T^{SH (gl3(C 
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0. mmi^^y'^^^ih-^-^^ctti^'^'^^o 

[00 5 8] ^5)fC. I'y^SitSSS S^cD-fy^ti-O 

^^y'^9iciiK)-cy^ll3 8{ciq]ij-T#E*<f^ffl$n 

[0 0 5 9] S/i. -('>'^{C^ii:lR1^A^#^^nTI/^5 
[0 0 6 0] ccr\ -^6^{C^P>nTV>§d;d(C. ^ 

ti, 09 (a) . (b) ^c^^■r J;dtc. WRJB^tfcti 

[00 6 1] L/iTb-SoT. 3 'J ^-^ VX2 ^{^fflf 
5<:i:*<, !f5tifli*^5)^-&e.nf£»rffi!&^«P3Jg 

^ v>' X -y h -r / W X 3 0 U— tf )t L QP.8l>t^^^f 3 ct 9 

[0 0 6 2] C(D^^, ^-fy^^sss sicfiiftt^n^ 

l\ ^*3, 0 1 OtC*5l/^Tti. >''!iJ7 3 7CD?^t*c^Rtt 
[0 0 6 3] C<Dj:3te:, l^—tf'^ L cDWffiC)ftW?J[pl 
•3. -r^'^'SitSSS 5 0-l/>T«/X;l/?L3 8£D^Pi^/h^ 

[0 0 6 4] -^y'i^m^S 5l>Ciol-f^]y—^ytL 

mi oic^t^vitcmmti^mnm^i^rcii 

AFimVi(D U-HfT^ L yy-(m 3 5 (cB^it Ufc« 
\y-^it L <OP,^itlBH*V y jJitSS 3 5 OlSIBiBtc 

c:i:*^»$Li/\ *ib\ ia3tcs^-r'i'>'^'v'"i'y hr/^ 
'<X3 0k:tP«tclK^vx^'iK4 1 Wi-Ttj:t/>o 
[0 0 6 5] SAc, ±ffi^fiiimti:*3l/^Tt±. -rv^'ic 



^;^*ffli/>5Ci:fcT't5o 01 2tcS^-rJ:3 

;!f^;^«3 4cD>l'y^'j5itSS3 5{cm-r5{4filCJt 

LT^tc^gi-r 5^^g5gp*j 4 2 ^^(tntf c); 
[0 0 6 6] ccT% ^^mm^2\t. wm^^h^ti 

i; J: fBi^glgptt 4 2 «rfl^fig LT J: v>o 
[0 0 6 7] i:OJ;d(C. |ftMW*^^L'S:l>-r>i' 
^^fflbT. 'r>i'>>'x-y hx/WX3 OtcafS^j^i^l?*^ 
4 2^§3i^i.Ci:{c<};oT*,. U— »f )t L cDlRs^gSgPM 
4 2'\©»8!W{cj;oT. -fy'^m.^SSP^cO-fy^mu 

T. yX;i/?L3 8*^ai':/^;fe^ai$Hi'Sci:*<-et 

[0 0 6 8] ^*3, 3U;><-^fU>'X2*^ffl-r§Ci: 

mmic^y-i'^^m^mrj:pn^imim^Wimi4 2^ 
[0 0 6 9] tc6r\ ^-fy'>m.^(Di3uxmm(Dmm 

■^yi^(D^tiitim&TL. ^(D&M-fy'^^mm^rj: 
<rj.:to ufcA^oT, ^^yr-fm\mm^n^it<D^ 
mtr£t>%-(y^^<r>imm^. '<y^'fmm\c%m^ 

[0 0 7 0] ft<*w:c(i:. »m.m^-^'^^-^^rz-(y^ 
*fiffl-r§^^{c«> -(y■!7'mllZ5<DnwxmmcJ^^\: 

X. ^-f'y^7}JitSS3 5{cMW?nSU— !f^L(!D)tit* 
^Mf'^<. 01 4tcS^-rJ;3{c»fl^vx^'S4 ncj; 

•3 y ^)5SSS 3 5 «tC ^-+)-')^ L ©BBtJffia?r^M-r 
5o ilC-e. #l'y^'}^S§3 5ti:fctt§U'— tf'JtLCDM 

ft> e. , SBi/^-r > 1? ?sit8S 3 5 «i if If )t L <r>mmmm^ 

iz^<.-t^Ct\Z^y). §^y^)?rtSS3 5?b^P)?l§(±i$n 
§ I' y ^ «;SrBS-^cD t i: -r 5 C i: ^ i. 0 
[00 7 1] ^?5ijX*t^#Wt'5:l.>-ryi'%1^ffl 

<. la 1 Sfc^-rJ;^ tc#'ryi')5ltSS3 5Stc^^g5g|5 
«4 2cDM^giii-r€>o cnfcctti, ^^yi>m.^3 
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[0 0 7 2] ^J3> ^yi^m^micu-^'ytKoytm^ 

[0 0 7 3] ^tz. ±^Ufc^'l'y^v'x'y h-r/'t-rx 
7^fflV^T^-l'y^}JitSS3 5tC)^>&,TOLTfeJ;i.\ C 

[0 0 7 4] :^j«Jl/^T\ *5gH^cDm 2 OHfififlg^ttOV^T 

IttH^-rSo ±fB^ 1 o^M^fcv^Tti. 1 otD-ry 
^v'x-y hxA^7.3 OCD^^^ffifflUT^felcTEPBiJ^ 

^ iy x-yh 7-V W X^^ffl b T * 5 -EnWJ^lT 3 t (OT 
fe-5o lai 7(i> *l?B^CO^2 0D^j5fi»SlCcfc§^y^7 
i^x«y hEnBiJSB©Sg|5«lfi!t^^-r0Tfe-So 0,1 7{c 

l-EPBiIS[Iti> \y-^ytWAt. ^m7rs(D^sV dy^ 

fe{i:mLfc-i'>'^^^tB$-a:5-r>^''yx«v hx/W 

7.6 1. 6 2, Q3t^m^Xrj:^o ^JifS. -fyi'i^x 
•yl-f^VWX6 1. 6 2. 6 3<Dmi&K-0\,^Tli. ±fB 
03*^5)0 6*5^:001 O*^e.01 5(01/^-fnQt<D* 

[0 0 7 5] 4^';:Jy^^-4 4«. ^(D(HliE$ftDtCi!f 

■r?.fflf4ftJS*^S^5 3 0CDffi4 4 a. 4 4b, 44 c 

uilT% ffi4 4 aCDjS^ftae Hi® 4 4 atdlJ^n 
fcU-1f7tLAW^i^x>y h-r/WX6 UClRlttTS 

ft^^nsftfi, ffi4 4 bcom^n&e 2im4 a h^cm 

l^^nrcl'— 'f'TtL^Vy^'i^'x-y hf'VW;^6 2tC|^ 
ttTSI>f$n5fta (CClTtiOaf) . ffi4 4 ciDffi^ 

^ae 3{iiS4 4 ctcBgjj^f^nfcU— 9')tL*v>i'->* 

x-y I--r/WX6 3lCtS]ttTjSflt$n5ftSTfe§o 
[0 0 7 6] Jg2cD'il2J5Sme<DiK)j^(COl^TiK 
i^J-r?>o 0 1 8li^2£O'^fflm(Diaf1^iiB;=j0T'fe5o 



l5]lE|g®)-ri.>1<Ud>5^-4 4(cBg|^$ni>o 4^UrJ" 
>^7-4 4©E4 4 atcBSJ^^nfcU— »f)tL(±01 
8 (a) t^-Tct^tCl/— if^LtWbTftae 
ltftatC<tDS«?nSo ^LTCKDSit^tL Hi. y 

ryicm-rs-f y^v-x-y h-rV'^-rxe i 
cruc^K). mmmc {iyryoy^y^itj::^ mm 

[0 0 7 7] Tfivdy^^-A Atl^-^^icmnt^t. 

U-^^ L {i;}^ rf y 5 ^- 4 4 (Dffi 4 4 b (cp,s|^ $ n 
1.0 ®4 4 bfCBgit^n/iU-tfT^Lfia 18 (b) 

/T^-rcfc^tcu-tP^j^Licj^LT^ae 2 (=oa) ^os 

•tfy^icm't^-i'y^->*x'y hf-vuxe 2^7lHffi 

[0 0 7 8] ^'Jrfy55-4 4A'«$C)tiii$Ef Si:. 
U— t)'"^Lii4^'J:i>5 7-4 4CDB4 4 cMftt^tl 

?.o m4 4 cicm^-^nrcu-^'ytumi s (c) tc 
^xi-d;9tc ly-^ftucntxn&e 3(D&Mn&ic^ 
*)&M-^n^o ^Lxc(DKmyti3ii. -rxn-tcj^ 
ts-rs'Ty^-yx-y hf'/wxe 3«:^*L. cntcj: 
(3 . enBOTtttc ti-rxa-©-ry^7tj;5 mm7t)n 

So 

[00 7 9] J-XT. #'Jdfy57-4 4©|pl$EtC|£i:T 
-ryi'i^x'y hr/WXe 1 , 6 2. GStcWLTKIt 
l~L3*<3^SfC^«$nTA7-BlBiM7bn 

So 

[0 0 8 0] CCX\ ^2cDSI)SUgStC43l/^Ttt. -Ty 
i'v'x-y hx-'WX6 1 . 6 2, 6 3 A>e)^ttl^nS# 

ao-ry^:7;0^iiii-cD7iiS'7'i'y±ti:fiHt"SJ:9t<:, en 

[008 1] ±HeiK2 0Di)!ilJ^^icfcv>Tli. 
ry. •7-tfy^?*3<j:tfi'xn-©3feoBnBimT9-i'y 

{C :r ^ -y ^ ^)!jP;^T 4 feCDEniBlJ^fT 9 C 1 1 T'^ So 
[0 0 8 2] $/c. ±i3^2cD^)5iiJ^ffi{C*5V^T{i> 

XP-, v-ify^?, -yryco^fe^iifetTeniBimTo 
Ti/^SA^ EPWj$nsiHt(D*^-/^5yx*isg-rs 

fcfetc. ^fecD'i'y^tcmLfc'f'y^v>"x>y hrVW 

X6 1, 6 2, 6 stcRWsns^tcD^a^. 'Ty^-y 

x-y hr/WXS{c$iJffl)LT, -Ty^J^i/'x-y h'ffUX 
6 1. 6 2. 6 soi'yi'iD^tBa^^M-rsci:*^^ 

f cmm(Dmmttx^i. mmm^^t^^-^ 

fci'y^'^ilffl-rs^^cti. 01 4tc.T^-rc};9i5:W^ 
vx 4 nc J; 0 > u— L oMWEH^-r y -y 

x-yhr/WXei, 6 2. 6 3»tC^MfSo Sfc> 

^w^^wu^i/^^ryi'^ffiffl-rsii^fcti. 01 
5 tc^xt J; 3 ^aift^jissw 4 2 (Dmm^-f y^'Jx -y h 

xV^-rX6 1. 6 2. 6 3f5{C^M-rSo ^BfC, -fy 
^'i^'x-y h'r-'WX6 1. 6 2. 6 3StClx— tfJtL<D 
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CO 0 8 33 ±mm2(DmmBmic}5\.^xii. 

9')tMl?:ffl</^T'ry'5'i^x>y h-r/WXe 1, 6 
2. 6 3tcU-ifJtL^B8l*bTl/^5*^ §-ry^i/'x 
yhf^UX6l, 6 2, 6 3 tC. g] 1 6 {cSf^g^t^ 

6 2. 6 3tc>t:&Rg|^LTtJ:l/\ 

[0 0 8 4] i>ji,>T% ^^m(Dm3(DmmBmi^'o\,'x 

fc\ m 1 9 tc*5i/^Tti> 1 ItTT^tW, 1 tO^fiSff^iltc J; 
y :J'i/*x -y h epJSIiJSHi:|Bl-cD#|fi!t(cot/>Ttt|al- 

•y hx/WX7 O^lix.. -ry^-^x-y hT'/^'rX7 0 

[0 0 8 5] 'f'y^v'x'y hr''UX7 Oti^ 

±ie0 6{C/T^-r^f-i'7*<Di'yi'v'x-y hr'A'i'xi: 

[0 0 8 6] C(Diir>\C. ll3 0||Sm5ffilCfel/>T«, 

^y^i/j.y h-rVWX7 0%}ftt?'i±?.i:i:fe{c. Ep 

[1212] *5eBfl(DmicD|iMMfi:J;§'ry^''y"x-y h 

[0 3] -ry^v^x-y h-r/WX(D#j^^5^-rg|5^f4M 

[04] f'yi^-y'x'y hr/WX(Dffi(Dffi1i^^-rill 
[05] 'I'y^'^/x'y hr/WX(Dfto(DS1^^^-r|gl 

[06] ■<y^i/x.yY'ffU7.<r>{mmk^^stm 
[07] -^y^xD^mmrtF^mmt^fcisbo^m 

[09] U— tf)t<DWTffi}Btt«:S^-r0 



[01 0] ftRJBt«ctr)8lTffi^WrSb-+fffi*f'y^'-y' 

x>y hf-vw7.t^a-r§«^;&^-rgi5»?4^i0 
[01 1] mm-^7.^m^m^rc^y'!7'Jxy hT^u 

[01 2] 3^^j^gp«*fil^/'cfy^'i^"x«y hr/WX 

^o«fi)t%^^•ra5»f4^I0 

[01 3] mm.mmm^tc-fy'^^i^x'yhT'fUx 
[014] #'ry^?)^ts&'\£Du— tfrn^Mffi^^^M 

»f4II0 

[015] -ry^^jjiissstca^^gwcDsa^^M-rs 

c):9lcLAc-l'yi'';?x<y hT/WX<Dmiii^^t^^m 

tI0 

[0 1 6] ^S^t^^TWiCcfcO-f yi'i^tSStc^^BSiht 
-rSct^fct/i'Ty^e/'x-y hr/'^-i'XCDfiJ/S^^-rgP 
^f4II0 
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